Abstract: To assess prognostic factors for survival and describe Model for End-Stage liver disease (MELD) dynamics in human immunodeficiency virusþ/hepatitis C virusþ (HIVþ/HCVþ) patients after an initial episode of hepatic decompensation.
INTRODUCTION

H
uman immunodeficiency virus (HIV) infection increases the rate of liver disease progression in patients with hepatitis C virus (HCV) infection, and HIV/HCV-coinfected patients experience higher rates of hepatic decompensation and severe liver events than HCV-monoinfected patients. [1] [2] [3] [4] The important overall improvement in life expectancy among HIVinfected patients treated with combined antiretroviral therapy (cART) has been accompanied by a higher rate of end-stage liver disease (ESLD) in HIV/HCV-coinfected patients, and a 13% probability of death due to liver failure at 5 years after the diagnosis of cirrhosis. 5 As in HCV-monoinfected patients, liver transplantation (LT) should be considered for HIV/HCV-coinfected patients whose liver function has deteriorated, despite previous reports of poorer results in HIV/HCV-coinfected patients than HIV-monoinfected patients. [6] [7] [8] In HIV-uninfected patients, it has been established that the Model for End-Stage liver disease (MELD) score can determine priorities for access to LT. 9, 10 Recent data have demonstrated that the MELD score is also an independent predictor of pretransplant mortality in HIV-infected patients. 11, 12 On the other hand, several studies have suggested that different factors that are not included in the MELD score, such as the type of decompensation, the ChildTurcotte-Pugh (CTP) stage, hepatic encephalopathy (HE), the CD4 count or older age, are associated with mortality due to liver failure. 3, 7, 11 Dynamic predictive factors for mortality have been evaluated in patients with advanced cirrhosis, but not specifically for decompensated cirrhosis after the first episode of decompensation of cirrhosis, in either HIV-infected or HIV-uninfected patients. [13] [14] [15] The aim of this prospective study was to define prognostic factors for survival in HIV/HCV-coinfected patients after an initial episode of decompensation of cirrhosis and to study the kinetics of MELD scores in this population.
PATIENTS AND METHODS
Study Subjects
The ANRS PRETHEVIC study is a multicenter prospective cohort of HIV/HCV-coinfected patients, which was set up in 2009. A total of 32 centers in France, comprising 17 departments of infectious disease or internal medicine and 15 hepatology departments, were involved in this study. A common database was created to collect the data. HIV/HCV-coinfected patients were included between 2009 and 2012 if they had experienced an initial episode of decompensation of cirrhosis and/or a diagnosis of hepatocellular carcinoma (HCC) during the 12 months preceding their enrollment. HCV infection was identified by the simultaneous presence of serum HCV antibodies and HCV ribonucleic acid. Cirrhosis was diagnosed by histological examination and or noninvasive tests (transient elastography and/or biological markers of fibrosis). The dates of the HCV and HIV diagnoses were recorded.
Follow-Up and Definitions
The patients were followed prospectively through visits scheduled at least every 3 months as from enrollment. At each visit, clinical, MELD score, CTP score, virological, immunological, and drug toxicity assessments were carried out. Episodes of portal hypertensive gastrointestinal bleeding (PHGB), ascites, HE, non-obstructive jaundice, spontaneous bacterial peritonitis, and HCC were considered as reflecting hepatic decompensation. PHGB was diagnosed according to the Baveno criteria. 16 HE was defined by the physician as an episode of mental confusion reported by the patient or their relatives, or the detection of disorientation in the absence of any other nonhepatic cause. Non-obstructive jaundice was diagnosed if the plasma bilirubin level was 17 mmol/L or higher, and an ultrasound examination revealed a normal biliary tract. When the polynuclear count of ascitic fluid was higher than 250 cells/mL or bacteria grew in a culture of ascitic fluid, and no clinical or image data indicative of secondary peritonitis were present, a diagnosis of spontaneous bacterial peritonitis was made. If HCC was suspected during follow-up in light of the results of a previous ultrasound examination or because of elevated afoetoprotein levels (>250 ng/mL), the diagnosis was confirmed by computed tomography or magnetic resonance imaging according to American Association for the Study of Liver Disease criteria (nodule size greater than 1 cm with arterial phase hyperenhancement and portal venous or delayed phase washout at either computed tomography or magnetic resonance imaging). 17 Hepatorenal syndrome was defined as proposed by Arroyo et al. 18 The treatment of HCC was defined according to the Barcelona Clinic Liver Cancer staging system. 19 The treatment history of each patient for HIV and HCV was recorded from its initiation, before the dates of inclusion and hepatic decompensation, and was subsequently updated during followup in the PRETHEVIC database.
Access to Liver Transplantation and Causes of Death
At each visit, the decision (Yes/No) to refer a patient to an LT unit was recorded. The dates of registration on the waiting list and of transplantation were recorded. Mortality data were obtained through direct patient follow-up; an expert group classified the causes of death into liver-or HIV-related causes of death. Deaths were considered to be liver-related when attributable to hepatic failure or HCC.
Statistical Analysis
In this analysis, only patients enrolled because of an initial episode of liver decompensation were considered; therefore, 24 patients from the entire cohort of 91 patients were not considered because the only reason for their inclusion was a diagnosis of HCC. The occurrence of death, due to liver failure or any other cause, after the date of the initial decompensation, was the main endpoint of the survival analysis. The relationship between survival and the following parameters was studied: sex, age at hepatic decompensation, HCV/HIV transmission group, HCV genotype, coinfection with hepatitis B virus (HBV) and D virus, and both alcohol consumption and smoking defined by a variable with 3 modalities: past, active or never, unspecified quantity, baseline CDC stage, MELD, and CTP scores, use of anti-HCV therapy, antiretroviral regimen, HIV ribonucleic acid and CD4 cell levels at enrollment, type of initial hepatic decompensation. The occurrence of a new decompensation episode after the initial episode was also included in models, as a time-dependent variable.
Survival since the diagnosis of the initial hepatic decompensation to death or censoring was studied using KaplanMeier curves. Censoring was defined at the last visit during the follow-up or the date of LT, whichever came first. Univariate and multivariate Cox models with late entry were used to assess prognostic factors of survival. Late entry was used in models with time zero as the date of first decompensation; subjects entered the dataset at risk (ie, they were considered as exposed to death) only at the date of inclusion. Since the start of followup for some individuals could be different from the specified time origin, correcting for late entry avoided to underestimate mortality rate and produced less biased estimates of hazard ratios. All variables with a P value < 0.20 were included in the final model, plus CD4 cell counts at enrolment to assess the role of this factor in such situation. Further episodes of hepatic decompensation during follow-up after inclusion were included in the Cox models as a time dependent variable.
Finally, the kinetics of MELD scores starting from the initial hepatic decompensation episode and throughout followup was modeled. At least 2 points of MELD score were required to perform the kinetic of MELD from the first decompensation.
MELD scores collected after LT were not included in the models. Several piecewise models (1 or more slopes, nodes at different time points since the initial decompensation) were tested. A 2-slope mixed linear model with a node at 6 months was used to estimate the comparative changes in MELD scores in deceased and non-deceased patients. This model was used in order to take account of the fact that subjects underwent repeated MELD measurements. The best model was chosen using likelihood ratio tests or Akaike Information Criteria. All statistical analyses were performed using SAS version 9.3 (Cary, NC).
Ethical Aspects
Written informed consent was obtained from all study subjects. The study protocol was conducted according to the Declaration of Helsinki and French law for biomedical research. It was approved by the Ethics Committee CPP Ile de France VII (based at Bicêtre Hospital) and the French Regulatory Authority (French National Agency for Medicines and Health Products). . Eight patients (12%) had diabetes mellitus (50% type 1 and 50% type 2) and all were being treated with insulin therapy and/or an oral antidiabetic regimen.
RESULTS
Characteristics of the Study Population at Inclusion
HCV-Related Characteristics
In the 86% patients with replicating HCV at enrollment, the median HCV viral load was 5.8 log IU/mL [5.1-6.2]. Of note, in those with history of antiviral therapy for HCV before enrollment, 16% were non-replicating patients.
HIV-Related Characteristics
At enrollment, 97% of patients (n ¼ 65) were being treated with cART, and 53 of them had an HIV viral load 50 copies/ mL (82%). Among patients with detectable HIV viral load, the median value was 2.7 log copies/mL [2. 
Characterization of the Initial Decompensation Episode
The median time elapsing between the diagnosis of cirrhosis and the initial decompensation episode was 24 months [1.4-64.4 ]. These initial decompensation episodes could be classified as follows:
, and a combination of 2 or more of these in 28 patients (42%). The median interval between the first episode of decompensation and enrollment was 3 months [1-5.5]; 10 and 5 patients experienced 2 or 3 
Characterization of Other Hepatic Decompensation Episodes and Occurrence of HCC
During follow-up, 35 patients (52%) developed at least 1 new hepatic decompensation episode. Ascites was observed in 10 patients (29%), HE in 4 (11%), and a combination of 2 or more types of decompensation in 18 patients (51%). A diagnosis of HCC was made in 12 patients (18%) within a median of 17.4 months [6.5-23.7] since the initial decompensation. The cumulative incidence of new episodes of hepatic decompensation is shown in Figure 1 . The probabilities of experiencing at least a second episode of decompensation after the initial 1 were 46% and 63%, at 1 and 2 years, respectively.
Overall Survival and Causes of Death
Thirty three patients (49%) died during a median follow-up period of 22.4 months [7.82-35.28 ]. Using a Kaplan-Meier estimate, the median survival time was therefore 30.9 months after the initial decompensation episode. Survival rates at 6 months, 1 year, and 2 years were 86%, 78%, and 59%, respectively (Figure 2) . Among the 33 patients who died, non-acquired immune deficiency syndrome (AIDS)-classifying infectious disease was the cause of death in 19 (58%), liver disease in 10 (30%), and other causes in 4 (12%). Of the 11 patients who died from liver disease, HCC was the cause of death in 2 patients (20%), and liver failure in 82%, including HE in 4 (40%), PHGB in 3 (30%), and hepatorenal syndrome in 1 (10%).
Evaluation for Liver Transplantation
Among 67 patients with decompensated cirrhosis, 9 patients were not considered for LT and 10 improved their liver function during follow-up without the necessity of performing an evaluation for LT. In contrast, 7 patients died during before being enlisted. Twenty three (34%) patients were contraindicated for LT (the reasons were active alcohol consumption in 13%, not controlled HIV immunosuppression in 6%, HCC outside Milan criteria in 3%, social reasons in 3%, psychiatric disease in 3%, patient refusal in 3%, respiratory failure in 1.5%, and cancer in 1.5%), among these latter 14 (61%) died during follow-up due to septicemia, HCC, or ESLD. Eighteen (27%) patients were enlisted and among them, 9 patients were transplanted, the others died during the waiting period or are still on the waiting list.
Predictive Factors for Survival
Under the univariate Cox proportional hazards regression model, a higher MELD score at initial decompensation was significantly associated with poorer survival (Table 2) as the occurrence of further episodes of decompensation during followup. The HIV viral load ( 50 vs >50 copies/mL at baseline) was found to be significantly associated with survival (HR ¼ 2.50; 95% CI: [1.15-5.44], P ¼ 0.021). A younger age tended to be associated with poorer survival, but this relationship was of borderline significance (P ¼ 0.074). Female patients tended to experience better survival, but this difference was not significant relative risk (HR ¼ 0.48; 95% CI: [0.18-1.24], P ¼ 0.129).
Under multivariate analysis, the MELD score remained significantly associated with surviving after an initial episode of decompensation; the adjusted hazard ratio (aHR) was 1.32 (95% CI: [1.06-1.63], P ¼ 0.012) for an MELD score that was 3 points higher. The presence of ascites during initial decompensation tended to predict a poorer prognosis compared with jaundice alone, but this relationship was not significant (P ¼ 0.330).
The occurrence of a further episode of decompensation during follow-up was associated with a significantly increased risk of death (aHR: 6.54; 95% CI: [2.51-17.02], P ¼ 0.0001).
The time elapsing since the diagnosis of HIV, HIV viral load and the CD4 count at enrollment, was not associated with survival in this population where the vast majority was being treated with cART and in which no AIDS-related deaths occurred.
Using an ROC analysis, it was found that a cut-off value of 20 for the MELD score was able to discriminate HIV/HCVcoinfected patients with good survival from those with poor survival. The probability of survival was significantly higher in patients whose MELD score at the time of their initial decompensation was < -20 than in patients with a MELD score >20 (79% and 69% vs 64% and 24% at 1 and 2 years, respectively; P ¼ 0.0005) (Figure 3 ).
Dynamic Factors
MELD Score Kinetics During Follow-Up
At the initial decompensation, the median MELD score was 15.5 [12.5-20 .0], which included 11 patients (18%) with an MELD score >20. The kinetics of MELD score was calculated from the initial episode of decompensation in 66 patients for whom at least 2 further MELD measurements were available. Several piecewise models (1 or more slopes, nodes at different time points since the initial decompensation) were tested. The best model was a 2-slope model with a node at 6 months after the initial decompensation. The first slope within the first 6 months following the initial decompensation did not differed significantly from zero (b ¼ À0.21, P ¼ 0.140), while subsequently there was a significant rise in the mean MELD score (b ¼ þ0.20/month, P ¼ 0.0003).
The kinetics of MELD score after the initial decompensation episode differed significantly between deceased and nondeceased patients (Figure 4) . Three different models were tested with a node at 3, 6, or 9 months after the first episode of decompensation. The mean MELD score of patients who remained alive during the study period fell significantly during the first 6 months by À0.49/month, P ¼ 0.016, while they remained stable in deceased patients (þ0.06/month, P ¼ 0.755). After 6 months, the mean MELD score increased significantly by þ0.32/month (P < 0.0001) in patients who would die during follow-up, while it did not change significantly (þ0.05/month, P ¼ 0.171) among those who remained alive during the study period. Both slopes differed significantly in deceased and nondeceased subjects (P ¼ 0.054 and 0.0004, respectively). Treatment with ATV did not influence the MELD kinetics, the slope of MELD score did not differ between patients treated with ATZ and patients not treated by ATV (P ¼ 0.192). We also tested CD4 dynamics during follow-up (a fall below 200 CD4/mm 3 as a time-dependent variable) and did not find that this factor exerted any influence.
DISCUSSION
This multicenter, prospective study of 67 HIV/HCV-coinfected patients thus confirmed the very poor prognosis of HCVrelated decompensated cirrhosis in the event of HIV coinfection. 1 Survival at 1 and 2 years following the initial episode of decompensation reached only 78% and 59%, respectively. The MELD score was the main predictive factor for the outcome of HIV/HCV-coinfected patients with decompensated cirrhosis: the risk of death was increased by 32% (aHR 1.32; 95% CI: [1.06-1.63]; P ¼ 0.012) if a 3-point higher MELD score was measured at the time of the initial decompensation. Furthermore, patients who did not survive during the study period generally experienced a stable MELD score during the first 6 months after their initial decompensation, followed by a significant increase, while patients who remained alive generally saw an initial decrease in their MELD score, followed by a stable score over subsequent months. Moreover, the occurrence of a further episode of decompensation during follow-up was associated with a significantly increased risk of death (aHR: 6.54; 95% CI: [2.51-17.02], P ¼ 0.0001).
These results clearly have strong implications when referring these patients for LT. Following an initial episode of hepatic decompensation, an increase or a stabilization of the MELD score will probably be predictive of poor survival and necessitate a rapid referral for LT. Indeed, we actually need specific validated scores to decide the more timely moment to perform LT in this subgroup of patients. The kinetic of MELD score may help us not only to refer but also to manage patients on the waiting list for LT. This is particularly important in HIV/ HCV-coinfected patients who are a risky high population with a more rapid liver disease progression.
In their prospective cohort of 153 HIV/HCV-coinfected patients with decompensated cirrhosis, Merchante et al 3 reported that the CTP score (aHR: 1.2, 95% CI: [1.08-1.37], P ¼ 0.001), a CD4 cell count at decompensation lower than 100 cells/mL (aHR: 2.48, 95% CI: [1.52-4.06], P < 0.001), and HE at the initial hepatic decompensation (aHR: 2.45, 95% CI: [1.41-4.27], P ¼ 0.001) were predictive factors for survival. Indeed, HE was the leading cause of death in our study but was not the most common type of decompensation during the initial episode. The most common type was ascites, but this was not significantly associated with survival in our study. An accumulation of signs of decompensation was then observed during the final course of cirrhosis and led to HE, the ultimate complication prior to death. Not surprizingly, a further episode of decompensation was associated with a poor prognosis and of course reflected a particularly rapid kinetic of deterioration in liver function. We evaluated the kinetics of MELD rather than the CTP score in our model, because the former is currently the reference to predict survival in patients with ESLD who are either HCV-monoinfected or suffering from other chronic liver diseases, and is used to prioritize these patients for LT. 9, 10 It was therefore necessary to evaluate the properties of MELD scores in an HIV/HCV-coinfected population. Besides other wellknown factors, our data suggested that the MELD score is a strong prognostic factor of survival in HIV/HCV-coinfected patients after an initial episode of decompensation, thus confirming the analysis performed by Subramanian et al. 12 Surprizingly, in the study by Merchante et al, 3 MELD scores were not associated with survival under multivariate analysis, and the authors explained this by the absence of HE from this score. We also performed a strict evaluation of MELD scores during the 3-month follow-up interval applied during our study, but this was not the only factor that increased the accuracy of this method as MELD scores were also significantly associated with survival under a transversal evaluation at the initial decompensation episode. For the first time, we have demonstrated in the present study that evaluating the kinetics of MELD scores with a critical time point at 6 months after decompensation is of crucial importance. Changes in MELD scores (DMELD ¼ second MELD score À initial MELD score) were evaluated by Huo et al 15 and DMELD/month >2.5 was the only significant predictor of survival at 6 (OR: 9.8, P < 0.001) and 12 months (OR: 16.3, P < 0.001). However, this latter study included a majority of patients with HBV cirrhosis (69%). Moreover, initial median MELD score was low, of 11.8 [6.8-23.4] , which signifies that the degree of severity of included patients was quite heterogeneous. The introduction of new direct-acting antiviral agents raises hopes that HCV-related infections will be better controlled in the near future, even in HIV/HCV-coinfected patients. 4 Sulkowski et al 20 also reported recently on the efficacy of sofosbuvir in HIV/HCV-coinfected patients who had not received treatment for their HCV, and found a 67% to 88% rate for a sustained virological response at 12 weeks after the end of therapy. Such advances will probably contribute to lowering the incidence of advanced liver disease in this population. Consequently, individualization of the prognostic factors that influence a short survival may lead to an introduction of new direct-acting antiviral agents in this particular subgroup of HIV/HCV-coinfected patients with ESLD and to a rapid referring to a liver transplant center.
The present study had some limitations. Although our cohort was of a multicenter and national type, the sample size may have precluded identifying significant risk factors other than the MELD score; our predictive model therefore needs to be evaluated in another larger cohort in order to confirm our findings. Moreover, as the role of HIV infection in this setting has been already identified by Pineda et al 1 and Merchante et al, 3 we decided to focus on the determination of prognostic tools in an HIV/HCV-coinfected population experiencing a particularly rapid evolution of their liver disease.
In conclusion, the MELD score can be an effective tool to predict survival in HIV/HCV-coinfected patients after an initial episode of hepatic decompensation. A non-decreasing MELD score within 6 months following this initial decompensation episode may benefit from privileged access to LT. An increase in the MELD slope after 6 months is a second warning. Our findings are particularly important in this population with a poor prognosis and a high risk of a rapid progression in their liver disease, and argue in favor of integrating MELD score kinetics in new prognostic algorithms, a handy, easy to judge the patient's prognosis before and during their incorporation on list.
